A colony of macro-fossils Akouemma hemisphaeria has been described in the Paleoproterozoic sedimentary basin of Okondja, Gabon. These fossils are classified into two groups according to their spheroidal or elongated forms. The spheroidal shapes are similar, have a tripartite structure with two hemispheres and a median disc and gradually pass to the elongated forms. These elongated forms have a pronounced bipartite tendency to two "hemispheres" separated by a median surface, and often have several ovoid "pieces" attached. The elongated specimens show both lateral growth marks and signs of fission. Growth marks are characterized by unidirectional homogeneous side elongations and lateral bud-like protuberances. The signs of fission are marked by circular furrows perpendicular to the direction of elongation, called "constriction furrows" with varying depths depending on the degree of fission of the specimen and internal vertical "division planes". All of these ovoid and elongated specimens have undergone significant initial deformations due mainly to mutual lateral compressions in tabular beds. The Akouemma hemisphaeria macro-organisms, which were primitive probably sessile organisms, lived on How to cite this paper:
Introduction
The Paleoproterozoic is one of the most significant periods in the Earth's history, not only for the environmental changes represented by Snowball Earth [1] and Great Oxidation Event [2] , but also for the appearance of the eukaryotic fossils [3] . For example, Grypania is a well-known eukaryotic macroscopic compression fossil from 1.9 Ga in Michigan, USA [4] ; a colony of Discagma buttonii are macro-fossils discovered in the palaeosols of South African and dated to 2.2 Ga [5] ; however, the biological classifications of these fossils are still under debate. Recently, Gabon came into the spotlight by the discovery of colonial organisms [6] and Akouemma hemisphaeria macrofossils colony [7] [8] . The Elucidation of their life cycles enables us to make a breakthrough to the controver- [4] [5] [6] [7] . A statistical study shows that the transition from spheroidal to elongated forms seems to be gradually (Table 1, Figure 2 ). The internal structure is fibro-radial, centrifugal upward in the upper hemisphere and centrifugal downward in the lower hemisphere, initially consisting of fibers and carbon particles [7] [8] . These organisms have undergone significant deformations in tabular beds and hosted a large number of cyanobacteria, filamentous microorganisms, green alga fragments, small unicellular and multicellular organisms and other lenticular and oblong shape bodies; they are, in the history of Earth Sciences, the first Paleoproterozoic organisms described, living in association with a biodiversity of microorganisms [8] . Their Graph showing the range of polar diameter (PoD) and equatorial diameter (EqD) in the Akouemma specimens in (A); and the range of report EqD/PoD and equatorial diameter in (B). These show a tendency for typical specimens to be ovoid (A1) and the elongated shapes showing a tendency towards lateral growth (A2-A5), "constriction zone" (external furrow) and division (internal division plane) (A3-A5). In the spheroidal forms the polar (PoD) and equatorial (EqD) diameters grow proportionally, and less than 3 cm; in the elongated forms only the equatorial diameter continues to grow, exceeding barely 6 cm. (Ea): Elongation axis, (Tl): Theoretical limit between spheroidal forms and elongated forms. 
Material and Methods
The studied macrofossils are Akouemma hemispheria from Akou River in Okondja basin ( Figure 1 ). The fossils are found from more than 7 layers in the FB2 unit, alternating layers of quartz sandstone and black shale. The main analyses of these specimens are CT analysis, neutron tomography, SEM-EDS, PIXE analysis and a statistical study on the shape and size of specimens. These methods presented herein again, we have already described them [7] [8].
Laboratory-Based CT Analysis
Carl Zeiss Nanotom scanner was used to obtain data on specimens contained in sediments with slices 0.5 mm thick. On simple samples and specific areas, slices of 17 μm and 70 μm were analyzed with a Carl Zeiss Metrotom and a Carl Zeiss Metrotom. The best image quality and inter-operability were ensured by exporting all CT and micro-CT data using the DICOM export file format. Processing of 2D and 3D images from the CT and Micro-CT DICOM stacks was performed on a Dell Precision T7400 Dual Quad Core Intel Xeon 3.2 GHz workstation, using 32 GB of DDR RAM and a Quadro FX 4600 graphics board running VG Studio Max 2.0 and 2.2 × 64 from Volume Graphics GmbH. The Micro-XCT-400 system at Tohoku University was used to perform completementary micro-CT analyzes for X-strata; and the photographs of all strata were made using a 3D MOLCER image viewer.
Neutron Tomography
Neutron imaging is an alternative method to X-ray imaging that provides new . A Gadox scintillator with 20 µm thickness was used to convert the neutrons to visible light, the light image was captured using a cooled CCD camera (Andor DW436). The CT scan was made over 360 degrees with 625 projections that were reconstructed using the Octopus CT reconstruction software. The reconstruction was made using parallel beam geometry which is a valid approximation due to the high collimation of the neutron beam at ICON. This resulted in a volume data set with a 13.5 µm voxel size. The signal to noise ratio of the data was relatively low. Therefore, a denoising filter based on the ROC model in inverse scale space setting [15] was applied using KipTool [refQuoVadis] to improve the image quality without destroying relevant features. Finally, the volume data was visualized and animated using the Drishti 2.5.1 volume rendering software.
SEM-EDS
SEM-EDS (electron microscopy-energy dispersion X-ray spectrometry) analyses were performed on Os-coated samples to investigate the distribution of elements such as potassium, calcium and iron using a Hitachi S-3400N SEM with a Bruker
Xflash 5010 at the Tokyo Institute of Technology. Measurements were carried out at an acceleration voltage of 15 kV.
PIXE Analysis
PIXE (particle-induced X-ray emission) by nuclear microprode allowed quantitative imaging of the distribution of chemical elements in various types of materials, including fossil samples. In addition, the both PIXE and RBS (Rutherford backscattering spectrometry) combination allowed complete quantification of the concentrations of these chemical elements [16] . A polished section of Akouemma hemisphaeria sample (AKOU16) was analyzed using a PIXE micro- 
Results

Shapes, Edges and Discontinuities
Shapes, edges and discontinuities of Akouemma hemisphaeria specimen consists of spheroidal and elongated shapes with either a "lateral budding", (Figure 4 ), or a "homogeneous lateral elongation" (Figures 5-7) . The spheroidal shapes, of diameter about 2 cm on average are characterized, whatever their size, by two hemispheres with their central nipple-like feature of the upper hemisphere and corresponding central depression of the lower hemisphere which likely correspond to a communication point between the two hemispheres separated by the median disc with its central orifice and its various rods or lamellae; the internal radial fabric is upwardly centrifugal in the upper hemisphere and downwardly centrifugal in the lower hemisphere ( Figure 3 , Movie 1, Movie 2) [8] . These spheroidal shapes have vertical axial symmetry; and the median zone usually has bi-concave surfaces on the hemispheres (Figure 1 (D0 
The elongated shapes have a polar diameter similar to spheroidal shapes, the maximum length of the measured elongation axis exceeds just 6 cm ( Figure 1 (D6, D7), 4, 6). These elongated specimens consist to several forms: elongated forms in single "piece"; elongated forms with "bud" to several pieces, and elongated double and triple specimens (Figure 1 (D1-D6) , 4, 5, 6) [7] [8]. They have a bipartite structure with two hemispheres separated by an internal medial surface, and a median disc often visible at one or both ends of the specimens in vertical section (Figure 4 type showing in the detail the two hemispheres and the median disc. Note the cones (white arrow) of hemispheres, the median disc orifice and the communication point (yellow arrow) between hemispheres, the different rods or lamellae of median disc (blue arrows), the secondary cracking (red arrow) of the median disc and the peripheral lenticular body (green arrow).
5(H), Figure 5(L)).
The spheroidal forms gradually pass to bud elongated specimens which may consist of two to four bonded "pieces", separated by hardly scored furrows 
Boundaries and Discontinuity
Four types of "boundaries" and discontinuity are observed on the specimens:
border, median surface, transverse constriction furrow (constriction zone), and vertical division plane in the elongated forms. The border (outer) of the specimens is always net; it is net on contact with The external furrows of "constriction" and the internal vertical division planes generally separate two contiguous "pieces" of the same elongated specimen containing several "pieces". These two structures are always associated and form a partition between two contiguous "pieces" in a bud elongate specimens ( In elongated double and triple specimens, the external furrows and the "division planes" are more or less well developed depending on the degree of separation of the new specimens ( Figure 5, Figure 6 ). The external furrow (which would correspond to a constriction) is growing deeper and the increasingly net separation between new specimens when passing from elongated shapes into a single "piece" to the double and triple specimens ( Figure 5, Figure 6 ). The junction of the median discs of two new specimens in these double and triple specimens form an internal polygonal structure whose "division plane" is the symmetry plane ( Figure 5 
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Discussion
Akouemma hemisphaeria specimens have been described as macrofossils according to the following criteria:
-Homogeneous form and size that consist of two hemispheres with their cen- spheroidal specimens, elongated specimens with bud, elongated specimens in a lateral direction with several "pieces" without deformation, deformed contiguous specimens as well as deformations of surrounding sediments.
These situations highlight three processes: 1) a progressive growth process, 2) a fission process leading to the formation of new spheroidal specimens, and
3) a lateral mutual compression process causing deformations of contiguous independent specimens.
These processes demonstrate some ductility of these organisms in unconso- The growth process by budding, recalls that of unicellular organisms like yeast [17] [18] or that of basic metazoan organisms like Cnidarian polyps, Jelly fish [19] , Scyphozoa [20] and Hydra [21] . Similarly, the fission process recalls the cell division of microorganisms such as algae [22] , protozoa [23] and Archean micro-organism [24] , or the duplication of primitive metazoans as enigmatic macrofossils of late Ediacaran [25] , Echinoderm Holothuria (sea cucumbers) [ 
Conclusions
Based on the observations of the colony of sessile macrofossils Akouemma hemisphaeria in the sedimentary formations of Okondja Basin at 2.2 Ga, we conclude that:
1) The life cycle development of Akouemma hemisphaeria can be summarized as follows (Figure 10 The Francevillian Group in Gabon, containing the earliest macrofossils, is the key to solve the Paleoproterozoic biosphere.
